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ABSTRACT

An approach to the highly functionalized tricyclic core of guanacastepene A has been developed using a rhodium(I)-catalyzed allenic Pauson−
Khand reaction. This approach constitutes a conceptually novel strategy for the synthesis of this tricyclic framework, whereby the six-
membered ring is formed intially followed by simultaneous formation of the five- and seven-membered rings.

Decades of complacency concerning the use of antibiotics
have led to their overuse and in many cases their eventual
uselessness. Bacterial resistance to multiple drugs is so
commonplace that resistance to vancomycin (the antibiotic
of last resort against bacteria such asStaphylococcus aureas)
occurs for nearly 25% of theS. aureasinfections in the
United States. Interestingly, a recent account highlights the
magnitude of this problem reporting on an infection from a
strain of bacteria that has evolved so quickly that it has
overcome the mechanistically unique antibiotic linezolid.1

This desperate situation further underscores the necessity for
continual development of new antibiotics.

Recently, unclassified endophytic fungal extracts isolated
from the branch of aDaphnopsis Americanatree in the
Guanacaste Conservation Area in Costa Rica have shown
excellent activity against methicillin-resistantS. aureas
(MRSA) and vancomycin-resistantE. faecalis (VREF)
pathogens. The active component from these extracts was
named guanacastepene A (1, Figure 1), a diterpene possess-
ing a structurally unique carbon skeleton.2 After the char-

acterization of this compound by NMR and X-ray crystal-
lography, a family of 14 structurally related compounds was
isolated from the same fungal extract, guanacastepenes
B-O.3 Representative compounds of this family, guana-
castepenes E and H are shown in Figure 1. Further biological
studies established that guanacastepene A has moderate
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Figure 1. Guanacastepenes A, E, and H.
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activity against gram-positive bacteria, poor activity against
gram-negative bacteria, and observed hemolytic activity
against human red blood cells.4 This hemolytic property
precludes the use of guanacastepene A as an antibiotic, but
nonetheless guanacastepene A represents a novel lead
structure for antibiotic development.

The novel carbon skeleton of guanacastepene A and its
highly functionalized upper half make it a challenging and
attractive synthetic target. Not surprisingly, synthetic studies
have been reported by a number of groups.5 Danishefsky
and co-workers recently reported the first total synthesis of
guanacastepene A,5m,n and shortly thereafter Snider’s group
reported a formal total synthesis.5ï Both of these approaches
involved a strategy that begins with the construction of the
five-membered ring followed by sequential annulations of
the seven- and six-membered rings, i.e., an Af AB f ABC
approach. A conceptually novel route to guanacastepene A
was suggested by the recent demonstration in our group
showing that an intramolecular allenic Pauson-Khand reac-
tion can be used to form seven-membered rings.6 In this
report, we were able to control the constitutional group
selectivity of the reaction by simply altering the reaction
conditions. In all cases examined, when rhodium biscarbonyl
chloride dimer [Rh(CO)2Cl]2 was used as a catalyst to effect
the allenic Pauson-Khand reaction, the cyclization occurred
exclusively with the distal double bond of the allene,
independent of the substitution pattern of the allene. This
was the case even when the tether length was increased by
one methylene unit. As can be seen in eq 1, when alkynyl
allenes2a-c were subjected to 5 mol % [Rh(CO)2Cl]2, they
gave only the fused bicyclic ring systems3a-c.

We believed that this novel constitutional group selectivity
could be showcased in the synthesis of guanacastepene A.
Retrosynthetic disassembly of guanacastepene A (1) leads
to compound4 containing the carbocyclic skeleton and all
the necessary functionality for the conversion to guanacaste-
pene A (Scheme 1). The 4-alkylidene cyclopentenone4 could

in turn be obtained from alkynyl allene5 using the allenic
Pauson-Khand strategy depicted above in eq 1. This
Pauson-Khand-based approach to guanacastepene A is
especially attractive since the preparation of allenyne5 could
take advantage of one of many efficient and stereoselective
syntheses of cyclohexenones in the literature. In addition, it
is predicted that the stereocenters that are introduced after
the Pauson-Khand reaction can all be set in a stereoselective
manner relative to the existing stereocenters in the cyclo-
hexenone. For these reasons, we chose cyclohexenone6 as
our desired starting material. The primary considerations for
the assembly of5 from 6 are the appropriately timed
introduction of the quaternary center and the potentially
sensitive allene group.

Preparation of compound5 is ideally suited for the
vinylogous ester-1,3-dicarbonyl transposition developed by
Stork et al.7 that was later modified by Smith to include a
hydroxymethyl group on the cyclohexenone ring.8 Our
synthesis was initiated using Smith’s enone7 (Scheme 2).8

Introduction of the required alkyne functionality was ac-
complished via an alkylation of the enolate of enone7 using
LDA and iodide8.9 Unfortunately, the conversion of7 to
11 was a low-yielding reaction (30-40%).10 Alternative
bases such as KHMDS, NaHMDS were used, in addition to
varying the amount of alkynyl iodide8, with no measurable
increase in the yield of the alkylation product11. The order
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Scheme 1. Retrosynthetic Analysis
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in which the electrophiles were introduced was also reversed
such that the less reactive alkynyl fragment was added first
and the more reactive methyl iodide was added last.
However, the overall yield for these two different approaches
was similar. It was deemed advantageous to go with the
former approach since compound6 was easier to purify and
more amenable to large-scale synthesis. At this point we
opted to continue with this synthetic sequence in order to
test the viability of the key annulation quickly. Treatment
of the enone11 with lithium acetylide ethylenediamine
complex, followed by hydrolysis of the crude product with
3 M HCl, afforded enone12 in 65% yield for two steps.
(Alternatively, addition of ethynylmagnesium bromide gave
only trace amounts of desired addition product.) The hy-
droxyl group of12 was protected with TBSCl to give silyl
ether13 in 95% yield. The carbonyl group of13 was then
reduced using the Luche protocol to give the secondary

alcohol14 as a mixture of two diastereomers in a ratio of
3:1 (ratio measured by integration of the hydroxymethylene
proton resonances in the1H NMR, and the relative stereo-
chemistry is unknown). The two diastereomers could not be
separated by column chromatography, so the mixture was
taken on and the resulting allylic alcohol protected as the
tert-butyldimethylsilyl ether to afford15 in an 88% yield
for the two steps.11 The allene functionality was introduced
via a three-step protocol developed by Fleming.12 An allenyl
silane was chosen as an additional regiocontrol element to
ensure selective reaction with the distal double bond of the
allene.13 Deprotonation of the terminal alkyne15with n-BuLi
at -78 °C for 30 min, followed by the addition of
paraformaldehyde gives the propargylic alcohol16 in 71%
yield. Treatment of the alcohol16 with Et3N and MsCl
yielded a mesylate, which was not purified but directly added
to (Me2PhSi)2Cu(CN)Li2 at -85 °C and allowed to react for
30 min to afford the 3,3-disubstituted allene17 in 90% yield
for two steps. With allenyne17 in hand, it was reacted with
10% mol [Rh(CO)2Cl]2 in toluene at 80°C to afford
4-alkylidene cyclopentenone18 as the only Pauson-Khand
reaction product in 65% yield (eq 2).

With a successful construction of the tricyclic ring system
of guanacastepene A, the next step in the synthesis is to
introduce the second angular methyl group. Additions have
been attempted, and unfortunately we observed only the 1,2-
addition product19 (Scheme 3) when Me2CuLi14 and
MeMgBr, CuBr‚DMS, Me3SiCl, and HMPA15 protocols were
used. Interestingly, another byproduct, fulvene20 was
identified resulting from the dehydration of the 1,2-addition
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Scheme 2. Preparation of Allenic Pauson-Khand Precursor17
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adduct19. The inability to effect the conjugate addition of
a methyl group to trienone18was not surprising. Molecular
mechanics calculations of trienone18 using MacSpartan’s
conformational search (MMFF) were particularly informa-
tive.16 Interestingly, all minimized conformers showed the
dimethylphenylsilyl group on the same face as the existing
angular methyl group and the cyclohexene group twisted
around to the opposite face, which appears to provide very
efficient blocking from the top face (Figure 2). The arrow
points to the carbon of the enone in which nucleophilic
addition of the methyl group must occur.

In conclusion, we have formed the carbocyclic core of
guanacastepene A via an allenic Pauson-Khand-type reac-

tion. The advantages to this novel Cf CBA approach
include are (1) initiation of the synthesis with the construction
of a readily available cyclohexenone and (2) rapid access
to the tricyclic core, which will allow for facile preparation
of other members of the guanacastepene family and ana-
logues.
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(16) Methyl andtert-butyldimethylsilyl ethers were used in two inde-
pendent calculations. Conformational analysis gave similar results, so the
methyl ether depiction was used for viewing ease.

Scheme 3. 1,2-Addition vs 1,4-Addition

Figure 2. Conformational preference of18.
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